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OBJECTIVE: To compare blood pressure measurements taken at home by physicians, nurses, and patients with office blood
pressure measurement , ambulatory blood pressure monitoring and home blood pressure measurement.
METHODS: A total of 44 patients seen by a home care program were studied. Protocol 1 a) blood pressure was measured by the
patient, a physician and a nurse during a regular home visit (Home1); b) home blood pressure measurement was measured for 4
days (HBPM1); c) office blood pressure measurement was measured by a physician, a nurse, and the patient; and by 24-hour
ambulatory blood pressure monitoring. Protocol 2 blood pressure was measured by the patient, a physician, and a nurse during a
special home visit in the presence of a physician and a nurse only (Home2); and b) home blood pressure measurement was taken
for the second time (HBPM2). Echocardiography, guided by a two-dimensional echocardiograph, was performed.
RESULTS: Protocol 1: a) office blood pressure measurement and Home1 were significantly higher than ambulatory blood pressure
monitoring, except for systolic and diastolic office blood pressure measurement taken by the patient or a family member, systolic blood
pressure taken by a nurse, and diastolic blood pressure taken by a physician. b) ambulatory blood pressure monitoring and HBPM1 were
similar. Protocol 2: a) HBPM2 and Home2 were similar. b) Home2 was significantly lower than Home1, except for diastolic blood
pressure taken by a nurse or the patient. There were significant relationships between: a) diastolic blood pressure measured by the patient
and the thickness of the interventricular septum, posterior wall, and left ventricular mass; and b) ambulatory and HBPM2 diastolic and
systolic blood pressure taken by a physician (home2) and left ventricular mass. Therefore, the data indicate that home blood pressure
measurement and ambulatory blood pressure monitoring had good prognostic values relative to “office measurement.”
CONCLUSION: This study showed that the measurement most similar to home blood pressure measurement and ambulatory
blood pressure monitoring was blood pressure measured by the patient, and that home blood pressure measurement and ambulatory
blood pressure monitoring had good prognostic value relative to “office measurements”.
KEYWORDS: Home blood pressure. Ambulatory blood pressure. Office blood pressure measurement. Hypertension. White coat
effect.
INTRODUCTION
Office BP has important limitations. It is usually higher
than readings taken at home or by ambulatory monitoring.
The office environment and the presence of a physician can
cause a rise in blood pressure, leading to a situation de-
scribed as the white coat effect, which is so named because
of its association with physicians’ clothes. The white coat
effect is usually defined by an increase in blood pressure
measured in the office over the daytime mean obtained by
ambulatory blood pressure monitoring (ABPM). The white
coat effect may be observed in normotensive people as well.
However, it should be differentiated from white coat hy-
pertension which is characterized by a persistent hyperten-
sion in the office in combination with a normal ambula-
tory or home BP.1,2 Therefore, ABPM and HBPM may be
useful when evaluating patients for the white coat effect.
Additionally, prospective studies have shown that ABPM
correlates with target organ damage better than office blood
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pressure measurements3,4 and, more recently, this correla-
tion has been shown for HBPM was well.5,6
The presence of a physician is not the only factor that
can lead to a rise in blood pressure. A pioneering study car-
ried out in this area approximately two decades ago showed
that the presence of a physician or a nurse led to a rise in
blood pressure. However, the rise caused by the presence of
a nurse was lower than that caused by a physician. The au-
thors concluded that repeated physician’s visits within a short
period of time did not prevent a rise in blood pressure, but
a decrease in blood pressure could be observed if the meas-
urement was taken by a nurse.7 A more recent study dem-
onstrated that blood pressure measurements taken by a nurse
are significantly lower than those obtained by a physician.8
The presence of an observer, a physician or a nurse, and
the office environment increase blood pressure. Therefore,
who would be the best person and where would be the best
place to measure blood pressure? A study revealed that
blood pressure self-measurement in the office did not de-
crease the white coat effect.9 The other question is if the
white coat effect could be avoided or decreased if BP was
measured at the patient’s home by a physician or a nurse.
Therefore, the main objective of this study was to com-
pare BP measurements at the patient’s home performed by
a physician, a nurse, or the patient/family member with BP
measurement obtained either in the office or by ABPM and
HBPM. The secondary objectives were to correlate BP
measurements with echocardiographic patterns and to as-
sess the white coat effect.
METHODS
This study was carried out at the Home Health Care
Center of a University General Hospital. This center aims
at providing full care to patients with chronic diseases and
to those who need out-of-hospital care. The most common
professional home care provides regular home visits, includ-
ing physician care, nursing, physical therapy, medical social
work and nutritional and psychological care. Therefore, this
service sees a great number of hypertensive people who need
blood pressure assessment so that hypertension can be di-
agnosed and antihypertensive therapy can be assessed. This
study was approved by the Ethics Committee of the hospi-
tal to comply with Decree 196/96 by the National Health
Council and Declarations of Human Rights of Helsinki.
Forty-four patients were studied (49% women, 77%
white, 68±15 years and 82% hypertensive treated with an-
tihypertensive medications). Patients were included in the
study after giving written informed consent. All patients,
or a family member when the patient was unable, were in-
structed individually in the use of an electronic blood pres-
sure measuring device.
The study was divided into two phases - protocol 1 and
protocol 2 (Figure 1).
Protocol 1
During a regular home visit (Home1) in the presence
of several health professionals, a blood pressure measure-
ment was taken. In this case, blood pressure was measured
by the patient or a family member, by a physician, and by
a nurse. After that, home blood pressure measurements
were taken on four days during the following week
(HBPM1). The patient then went to the hospital for a regu-
lar appointment after two weeks. In the office, blood pres-
sure was measured by a physician, by a nurse, and by the
patient or a family member. After that, 24-hour ambula-
tory blood pressure monitoring was performed (ABPM).
Figure 1 - Blood Pressure Measurement
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Protocol 2
During a special home visit (Home2) to the same pa-
tients as in Protocol 1 in the presence of the physician and
nurse, a blood pressure measurement was taken. In this
case, blood pressure was measured by the patient or a fam-
ily member, by a physician, and by a nurse. After that, a
home blood pressure measurement was taken a second time
during the following week (HBPM2).
Blood Pressure Measurements taken by a physician, a
nurse and the patient/family member
Blood pressure measurements taken by a physician, a
nurse and the patient or a family member followed the same
procedure regardless of the location (home or office). An
automatic device (OMRON - HEM 705CP, Omron Corpo-
ration Tokyo Japan) and an appropriate cuff size for the
patient’s left arm circumference were used. The patient was
in a sitting position, with the arm at heart level and the
forearm resting on a table. Blood pressure was measured
after a 5 to 10-minute rest 3 times with a 1 to 2-minute
interval between the measurements. The mean of these
three measurements was considered for analyses.
The sequence of blood pressure measurements taken by
the patient or family member, the physician, and the nurse
was established by a randomization table.
Home Blood Pressure Measurement
Home blood pressure measurement was obtained by us-
ing an appropriate cuff size for the left arm circumference
with the patient in a sitting position; after a 5-minute rest,
measurements were taken twice with a 1 to 2-minute in-
terval between the measurements. Sets of measurements
were taken at three different times of day: morning (07.00-
08.00 a.m.), afternoon (02.00-03.00 p.m.) and night (07.00-
08.00 p.m.) on four consecutive days.
Ambulatory Blood Pressure Monitoring
Twenty-four hour ambulatory blood pressure monitor-
ing was performed using an oscillometric device (Spacelabs
90207, Spacelabs Inc, Redmond, Washington, USA). Meas-
urements were taken every 15 minutes during the daytime
(from 07.00a.m. to 10.00 p.m.) and every 20 minutes at
nighttime (from 10.00p.m. to 07.00 a.m.) in the
nondominant arm. An appropriate cuff size was used for
the patient’s arm circumference.
Echocardiography
M-mode echocardiography, guided by two-dimensional
echocardiography with the patient maintained in a partial
left decubitus position, was performed using a General
Electric Vivid 7 Instrument (Milwaukee, Wisconsin, USA).
M-mode measurements were taken according to the Ameri-
can Society of Echocardiography recommendations.10 Left
ventricular mass was determined using the autopsy-vali-
dated Devereux’s formula.11 All echocardiograms were
analyzed by the same physician, who did not know the pa-
tients’ clinical conditions.
Statistical analysis
Continuous variables are given as mean ± standard de-
viation. For data analysis, blood pressure measurements
taken by a physician, a nurse, and the patient or a family
member at the office and at home were compared to each
other and to ABPM and HBPM using repeated analysis of
variance. To test relations between the echocardiographic
patterns and blood pressure measurements, stepwise regres-
sion analysis and Pearson’s correlation coefficient were per-
formed, and p<0.05 was considered statistically significant.
RESULTS
Protocol 1
Comparison of blood pressure measurements taken by the
patient/family member, physician and nurse during a regular
home visit (Home 1) and in the office with ABPM and
HBPM1.
The averages of systolic and diastolic BP obtained by
ABPM (124.2±12.6/74.6±10.4 mm Hg) and by HBPM1
(123.6±19/74.1±10.0 mm Hg) were similar (Figure 2).
Systolic and diastolic blood pressure measurements taken by
a physician in the office (132.2 ± 20.3/77.4±12.9 mm Hg)
and in Home1 during a regular home visit (135.6±21.3/
79.8±12.2 mm Hg) were similar; however, the measurements
were significantly higher (p<0.05) than those obtained by
ABPM and HBPM1, except for the office diastolic blood
pressure, which was similar to ABPM and HBPM1.
Diastolic blood pressure measurements taken by a nurse
in the office (128.1±21.9/76.7±13.3 mm Hg) and at Home1
(134.9±22.0/78.8±13.2 mm Hg) and those obtained by
ABPM and HBPM1 were similar. Systolic blood pressure
taken by a nurse was observed to be: a) lower in the office
than during the home visit and similar to that obtained by
ABPM and HBPM1; and b) higher during regular home vis-
its than measured by ABPM and HBPM1.
The blood pressure measurements taken by the patient
or a family member showed that: a) they were similar in
the office and during regular home visits (Home1); b) of-
fice blood pressure measurements were similar to those
obtained by ABPM and HBPM1; and c) blood pressure
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measurements taken at Home1 were significantly higher
(p<0.05) than those obtained by ABPM and HBPM1.
Protocol 2
Blood pressure measured at home by the patient/fam-
ily member, physician, and nurse during a special home
visit (Home2) compared with the second home blood pres-
sure measurement (HBPM2).
There was no significant difference between blood pres-
sure measurements taken by a physician, a nurse and the
patient or a family and HBPM2 performed during a spe-
cial home visit (Home 2) in the presence of a physician
and nurse (Table 1).
Correlation between blood pressure measurements taken by
a physician, a nurse and the patient/family member at home
(Home 2), HBPM2 and ABPM with echocardiographic
parameters (Table 2).
The univariate analysis showed that systolic and
diastolic blood pressure measurements taken by a nurse and
systolic BP measurements taken by a physician were cor-
related (p<0.05) with the thickness of the interventricular
septum and the posterior wall of the left ventricle. Diastolic
blood pressure measurements taken by the patient or a fam-
ily member correlated with interventricular septum thick-
ness, posterior wall thickness and left ventricular mass.
Multivariate analysis of the variables revealed a signifi-
cant relationship (p<0.05) between diastolic BP measure-
ments taken by the patient/family member and the three
echocardiographic parameters assessed: interventricular
septum thickness, posterior wall thickness and left ventricu-
lar mass. Diastolic blood pressure measurements obtained
by ABPM and HBPM and systolic BP measurements taken
by a physician correlated with left ventricular mass.
White Coat Effect
The white coat effect was assessed by taking into ac-
count differences between measurements taken in the of-
fice by a physician, a nurse, and the patient/family mem-
ber and HBPM1. Considering positive differences for
systolic and diastolic BP in relation to measurements taken
Table 1 - Blood pressure measurements (mean ± standard
deviation, mm Hg) taken by a physician, a nurse and the





Physician- home2 126±23 75±11
Nurse- home2 125±21 75±12
Patient/family member- home2 124±24 76±13
HBPM2: home blood pressure measurement taken after Home2
Figure 2 – Blood pressure measurement in office and during a regular home visit (Home 1) taken by patients/family member, physicians, and nurses
compared with Ambulatory Blood Pressure measurement (ABPM) and Home Blood Pressure Measurement (HBPM1).
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by the physician, it was observed that 35% of the patients
experienced a white coat effect. This percentage decreased
by 27% when measurements were taken by a nurse, and
by 22% when they were taken by the patient/family mem-
ber. The data observed in Table 3 shows that the magni-
tude of the white coat effect was around the level of 10
mm Hg, though differences over 30 mm Hg were found.
There was no difference in white coat effect when con-
sidering the differences between the measurements taken
by a physician, a nurse and the patient/family member and
HBPM1. However, when assessed by ABPM, the white coat
effect regarding systolic BP measured by a physician was
significantly higher (p<0.05) than the white coat effect
caused by the systolic BP measurement taken by a nurse
(Table 4).
DISCUSSION
The main outcomes of the present study showed that
blood pressure measurements taken in the presence of all
home health care professionals during a regular home visit
were higher than those taken during a special home visit
in the presence of the physician and nurse only. Such an
outcome can indicate that the presence of an observer dur-
ing the second blood pressure measurement during a spe-
cial home visit did not influence the blood pressure meas-
urement. It is also important to point out that blood pres-
sure measured in the hospital by the patient/family mem-
ber was similar to that found by ABPM and HBPM. There-
fore, these data show that the collective home visit repro-
duced the hospital environment, leading to a rise in blood
pressure. Blood pressure measurements taken by the pa-
tient/family member in a calm environment with the pa-
tient alone in a room most closely approximated the meas-
urements obtained by ABPM and HBPM.
This study also confirmed findings reported in the litera-
ture. Systolic blood pressure measurements obtained in a
hospital and in a doctor’s office are similar to each other,
and both are similar to values obtained by ABPM and
HBPM.12,13,14 A recent investigation that monitored blood
pressure in pharmacies showed a similar outcome.15 The dif-
Table 4 - White Coat Effect (mean ± standard deviation) -
differences between measurements taken by a physician, a
nurse and the patient/ family member in the office, and
ambulatory (ABPM) and home (HBPM1) blood pressures.
HBPM1 ABPM
Physician-systolic BP 3.4±20.4 8.8±14.9 *
Physician-diastolic BP 1.8±9.6 5.1±9.9
Nurse - systolic BP 1.34±20.5 5.0±14.3
Nurse - diastolic BP 1.1±10.3 3.3±9.2
Patient - systolic BP 1.8±21.3 5.9±15.5
Patient - diastolic BP 1.6±10.3 4.8±10.4
* p<0.05, physician - systolic BP vs. nurse - systolic BP
HBPM1: home blood pressure measurement taken after Home1
ABPM: ambulatory blood pressure monitoring
Table 3 - Percent differences between office measurements
taken by a physician, a nurse and the patient/family member
and home blood pressure measurement (HBPM1).
Differences between office measurement and HBPM1 (mm Hg)
1 to 10 11 to 20 21 to 30 > 30
Physician-systolic BP (%) 22 7 10 7
Physician-diastolic BP (%) 25 20 - -
Nurse - systolic BP (%) 22 5 10 5
Nurse - diastolic BP (%) 30 13 - 3
Patient-systolic BP (%) 30 13 - 3
Patient-diastolic BP (%) 32 10 - 3
HBPM1: home blood pressure measurement taken after Home1
Table 2 - Multivariate analysis and correlation (r value / p value) between posterior wall dimensions, interventricular
septum and left ventricular mass (LVM) and Home2, HBPM2 and ABPM.
Interventricularseptum Posterior Wall LVM
Blood Pressure r/p Multiv. Analysis r/p Multiv. Analysis r/p Multiv. Analysis
Systolic ABPM 0.21/0.47 ns 0.22/0.45 ns -0.13/0.66 ns
Diastolic ABPM 0.09/0.75 ns 0.11/0.71 ns -0.27/0.35 p<0.05
Systolic HBPM2 -0.04/0.87 ns -0.03/0.09 ns -0.34/0.18 ns
Diastolic HBPM2 0.22/0.40 ns 0.16/0.53 ns -0.21/0.42 p<0.05
Physician2-Systolic BP 0.49/0.04 ns 0.48/0.048 ns 0.19/0.46 p<0.05
Physician2 -Diastolic BP 0.21/0.42 ns 0.23/0.37 ns 0.22/0.39 ns
Nurse2 -systolic BP 0.52/0.03 ns 0.52/0.03 ns 0.30/0.24 ns
Nurse2 - diastolic BP 0.55/0.02 ns 0.52/0.03 ns 0.42/0.09 ns
Patient 2 -Systolic BP 0.49/0.09 ns 0.38/0.13 ns 0.13/0.60 ns
Patient2 - diastolic BP 0.61/0.01 p<0.05 0.64/0.005 p<0.05 0.53/0.03 p<0.05
Home2: blood pressure measured by a physician, a nurse and the patient/family member during a special home visit in the presence of the physician and
nurse; HBPM2: home blood pressure measurement taken after Home2; ABPM: ambulatory blood pressure monitoring; ns:not significant.
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ferences found between measurements in and out of the hos-
pital environment characterized the white coat effect. In the
present study, the white coat effect, assessed by the differ-
ences between HBPM and the measurements taken by the
patient/family member, physician and nurse, was not differ-
ent. On the other hand, when the white coat effect was as-
sessed by ABPM, the effect was significantly higher (p<0.05)
with regard to systolic BP measurement taken by a physi-
cian than the white coat effect caused by a nurse. It was also
observed that a greater percentage of patients (35%) showed
a white coat effect caused by measurements taken by a phy-
sician when compared to those taken by a nurse (27%) and
by the patient/family member (22%). The presence of a phy-
sician as a factor that can cause an alarming reaction and a
rise in blood pressure has been studied often. Mancia et al.,
in the 1980s, showed blood pressure variations caused by
the presence of a physician.16 In a more recent trial, higher
blood pressure levels were also observed more often when
blood pressure was measured by a physician compared to
measurements obtained by a nurse.8
The reasons for the white coat effect and white coat hy-
pertension are not well known. Pickering believes that white
coat hypertension can be caused by a stress response.17
However, its persistence in subsequent visits could not be
explained by this mechanism. Blood pressure measurement
is not simply a mechanical act; it has many facets, includ-
ing the presence of a physician, the office environment and
the reactions caused by the technique used for blood pres-
sure measurement. These factors are likely associated with
fear and anxiety, provoking stimuli with a feedback con-
ditioned to a rise in blood pressure. However, studies
showed that personality traits and tests of mental and physi-
cal stress reactivity did not determine the occurrence of a
white coat effect.18,19
Another finding of note was that blood pressure meas-
urements taken by the patient/family member in the hos-
pital were similar to those obtained by ABPM and HBPM.
Such measurements were even lower than those obtained
by the patient/family member during regular home visits.
Conditions such as a calm environment and the patient be-
ing alone or with a family member in the room and not in
the presence of strangers created a situation in which the
environment and an observer - a physician or nurse - could
not interfere with the measurement; BP measurement by a
family member, even in a clinical/hospital setting, did not
cause the white coat effect. This observation could be ex-
plained by the patient’s familiarity with this person and
their routine together. Stergiou et al verified similar out-
comes when they observed that self-measurement was not
different from that taken by a family member.20
Casual blood pressure measurement taken by a physi-
cian in the office has been the standard method most often
applied to diagnose and treat hypertension. However, re-
cent investigations have shown that casual measurement in
the office is not the best method for blood pressure assess-
ment due to blood pressure variability and errors related
to the observer, the equipment, and the environment. Af-
ter ABPM was created in the 1960s, several of the factors
that interfere with blood pressure measurement could be
controlled.21 Studies22,23 have revealed that ABPM shows
better correlation with target-organ damage than measure-
ments in the office and has a higher predictive value for
cardiovascular morbidity and mortality.24,25 Home blood
pressure measurement has also been suggested as a method
for blood pressure assessment that can decrease or avoid
errors related to office measurements. Like ABPM, home
blood pressure measurement can also be useful for assess-
ment of the white coat effect and antihypertensive treat-
ment management. It is better correlated with target-organ
damage than office measurement.26,27,28,29
The different methods for blood pressure measurement
in the present study were also assessed for a correlation with
echocardiographic parameters. In the multivariate analysis,
it was observed that the correlation level (r) presented in-
creasing values for the septum and the posterior wall (0.49
and 0.48, respectively) when systolic BP measurements was
taken by a physician, when systolic (0.52 and 0.52) and
diastolic (0.55 and 0.52) BP measurements were taken by a
nurse and when diastolic BP measurements were taken by
the patient/family member for the three parameters assessed:
interventricular septum (0.61), the thickness of posterior wall
(0.64), and the mass of left ventricle (0.53). However,
diastolic BP obtained by ABPM and systolic BP obtained
by HBPM only correlated with the echocardiographic find-
ings of left ventricular mass and posterior wall, respectively.
The small associations observed for ABPM and HBPM are
one of the limitations of the study which may be explained
by the small number of patients (22) who were in a good
enough condition to be assessed by echocardiograms, i.e.,
not affected by old age or pre-existing cardiac alterations.
CONCLUSION
Blood pressure measurements taken by a physician, a
nurse, and the patient/family member during a regular home
visit at the patient’s house in the presence of all home care
professionals were similar to those obtained in the office,
and when home blood pressure measurements were taken
during special home visits in the presence of a physician
and a nurse only, blood pressure values were lower and
more similar to those obtained by HBPM; therefore, they
were not influenced by the presence of an observer. The
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outcomes suggest that blood pressure assessment of patients
who are seen by home care professionals is also influenced
by the factors that interfere with office blood pressure meas-
urement. Another important point is that the best person
to measure blood pressure in the office would be the pa-
tient or a family member alone in the room using an auto-
matic device. Another interesting finding was that HBPM
was similar to ABPM and, as it is cheaper, can be useful
for both the management of hypertension and for predict-
ing prognostic indications.
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